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A Finer Point of View... 


Year 2009 is quickly coming to an 
end. What an eventful year it has 
been for the world at large and for 
our industry. We have witnessed the 
superabrasives market coming to an 
almost stand still in the first two 
quarters, only to recover modestly in 
the last two quarters. The 
superabrasives business, like all other 
businesses, is still suffering from the 
worldwide recession and lack of 
confidence resulted from the 
economic turmoil of this past year. 
In retrospect, 2009 was the year 
when the “great recession" reached 
its lowest point. It was the year when 
people gave up trying to predict the 
year ahead. It was the year when 
every forecast had to be revised, 
usually downwards, few times. If we 
had to pick a date, the recession has 
probably ended in June. After four 
successive quarters of contraction, 
the U.S. economy rose at an annual 
rate of 2.8 percent in the third 
quarter, At the end of the summer 
there was some hope for a rapid 
economic recovery, but that hope has 
faded. Much of the slow economic 
growth we have seen in recent 
months is attributed to temporary 
factors: the effect of the inventory 
cycle as companies restart production 
following months of stock 
liquidation and the fiscal stimulus. 
Analysts had forecast growth to sag a 
bit in the current quarter and the first. 
half of 2010. They expected 
consumer spending would weaken 
under the weight of 10 percent 
unemployment. Even so, evidence 
continues to accumulate that global. 
recession is over and that economic 
recovery has begun, both in U.S. and 
worldwide. Companies that have 
remodeled their business to be viable 
through recession will rebound 
sooner, stronger, and with а 
markedly improved strategic 
position. Nonetheless, we are 
witnessing a bumpy recovery. Some 
even fear that it is too soon to know 
whether the economic recovery will 
last. To date, the Dow Jones 
Industrial Average and S&P have 
gained more than 40 percent, since 
their March lows. Historically, the 
market has predicted with 
remarkable accuracy what is to come 
in the next 6 to 12 months. If we 
believe the stock market is one of the 
best leading economic indicators 
than we can believe the experts’ 
prediction that 2010 will be a year of 
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economic growth. Yet, as someone 
once said, "predictions are а 
dangerous thing, especially those 
that pertain to the future.” The 
consensus, however, is that 2010 will 
be a year of modest growth. In 
November, the U.S. manufacturing, 
sector grew for the fourth straight 
month, though at a slower pace. A 
recent Business Roundtable survey 
indicates that 68 percent of CEOs 
polled expect the sales of their 
companies to increase in the next six 
months. Yet the survey found top 
executives cautious on making 
investments in their businesses and 
even more cautious on hiring 
workers; only 19 percent of CEOs 
polled expect employment to 
increase in the next six months. A 
major new government stimulus 
package of additional spending for 
infrastructure projects and deeper tax 
breaks for small businesses, amongst 
other proposals, will be 
implemented sometime soon. 
Despite this not so rosy scenario for 
2010, we should all be optimistic, if 
not for anything else, but for the fact 
that optimists live a happier life. “Tis 
the season to be jolly!” And, this 
Holiday Season we have one more 
reason to be jolly; the so-called “lost 
year" is nearing its end. We are filled 
with joy, excitement and hope, in 
anticipation of the New Year. 


Best Wishes for a Healthy, Happy 
and Prosperous New Year! 


Sincerely, 


JO, 


їп С. Benea, Ph.D., President 
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SUPERABRASIVES 


superior quality 
competitive prices 
& 
full range of engineered products 

e 

continuous quality control 
ё 

sizing to close tolerances 
e 

prompt attention to all orders, large and small 


& 
immediate processing of orders within 24 hours 


& 
technical assistance and support 


LANDS Superabrasives, Co. 


www.LandsSuperabrasives.com 
1156 Avenue of the Americas 4th Floor 
New York, NY 10036 USA 
Tel: (212) 354-4060 * Tol! Free: (888) 335-7600 * Fax: (212) 354-4622 
Email: info@LandsSuperabrasives.com 


We Will Never Be The Way We Were Before... 


This year is closing fast and there is no doubt it was a year that has left companies shaken, 
business down and individuals struggling to find out where to go or what to do next. Ata 
recent business meeting we were pondering where our industry is heading and how each 
company will rebound now that we can see the light at the end of the tunnel, Of course 
everyone wants to be where we were just a few short years ago, but how long will it take to 
get there and more importantly how do we begin that long journey. One of my colleagues 


pointed out how they were starting to call people back to crank up production and others 
chimed in with positive signs from their companies, but the feeling around the room was 
cautious at best. Then, one person leaned way back in his chair and stared distantly out the 
window. He spoke softly, but his words hit hard: “We will never be the way we were before 
and we will never do business the same way. This experience has changed us in a way no 
one can ever imagine.” I thought long and hard about his words, and I found myself 
longing for the past... Not in a melancholy or sentimental way, but in a way that recalled 
the energy, drive and dedication I once took for granted. Our industry was as one in 


thought. We all knew what had to be 
accomplished. Customer, competitor or 
Are The Same... 


Terry Kane, Editor 


supplier all followed the same 
guidebook for success and drank from 
the same fountain of knowledge. It was 
a groundswell of growth and a tidal 
wave of innovation. That is why we were 
all successful. Never doing business the 
same way may be the worst move 
anyone can make. Yes, we need to be 
more cautious and more diligent in the 
details, but we also need to find the 
right combination that worked before. 
Yes, the INTERNET and e-commerce are 
here to stay, but true business 
relationships were built on a face-to-face 
relationship and quality products. When 
someone shook your hand it was а 
pledge to deliver and be there for you if 
something went wrong... Tough to get 
that from an email “out of the office” 
reply or playing “push the button” only 
to arrive at a voice mail message. І hope 
we start to do things the way we did 
before, because that is how we all 
achieved the successful business 
relationships and sales growth in the 
past. Discount websites and cut throat 
pricing is not what made us great, 


Fact is that diamond and CBN grinding wheels, dressers, and cutting tools 
having the right product for the right аге as different as the companies that supply them. That's why you'll find 
application did! Relationships, customer the CITCO name on the wheels and tools that handle the critical jobs in 
service and honesty were what kept us automotive, aerospace, and general manufacturing. Hardened steel, ceramics, 
puel rs ав the laminates, superalloys, composites, reinforced resins, abrasive materials, 
К oF you name it and CITCO wheels and tools will tame it, 

о ^ CITCO has more than 60 years of experience delivering diamond and CBN 
solutions for industry's toughest problems. Give us a call, and we'll show you 


edge and forgotten how to fight the 
good fight. History tells us where we've 
been, what went wrong and if we study 
it correctly it shows us how to reinvent 


the CITCO difference. 


the things that made us great! 


We will never be the way we were 
before; we will be more creative, more 
cautious and more deliberate. More 
importantly we will draw on that same 
energy that made this industry a place 
where we all wanted to work. 


CITCO «> 


Operation Of Landis Gardner 
57 Washington St. 

Chardon, ОН 44024 
wwwlandisgardnencom 


1-800-242-7366 


For CITCO For CITCO Wheels 


No, we will never be the way we were Cutting Tools 


before ... We will be better! 


All the best in 2010... 
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Experience 
Reliability & 


Customer 


Worldwide Superabrasives, LLC celebrates its fifth 
year providing the highest quality of industrial diamond 
and CBN to over 50 customers in 12 countries around 
the world. 


With over 80 years of combined experience in the 
superabrasives and electroless coating industry, WWSA's 
superior supply chain management, leading edge plating 
technologies and an industry leading quality assurance 
program provides our customers with the most consistent 
series of industrial diamond and cubic boron nitride grinding 
products in today’s market. 


werlgwide 


3355 SW 13th Avenue Fort Lauderdale, FL 33315 
(888) 410-1631 Fax: (888) 410-1630 www.worldwidesa.com 


HOLD THE DATES 


B ) May 5, 6 & 7, 2010 


Industrial Diamond Association of America 


Now is the time to make your plans and hold the dates for the 64th 
Industrial Diamond Association's Annual Meeting. If you have attended 
the past few meetings you are aware of the quality of our presenters 
and the value of this networking opportunity. If you have missed being 
a part of this important meeting, now is the time to let your voice be 
heard and share in directing your Association. Arrangements are 
underway and we will have significant speakers to address both the 
economy and industry issues. Programs are in motion to improve your 
Association and assist all members in marketing and business 
development. We have been through a tough year and now all 
Association Members need to get together and work to continue the 
early growth we are now seeing! Together we are a powerful force! 
This year we are meeting at the Hilton Easton 
wwwihiltoncolumbus.com in Columbus Ohio in order to give everyone 
easy access to the facilities and meetings. 


The Hilton Easton hotel is a AAA 4-Diamond, full service, upscale, 
suburban hotel located in the heart of Easton Town Center at Easton 
Columbus, Ohio. The hotel is convenient to the Port Columbus 
International Airport (CMH) and offers complimentary shuttle service to 
and from the airport. The best shopping, dining and entertainment is 
literally steps away at the magnificent Easton Town Center. The hotel is 
only ten minutes from downtown Columbus and 15 minutes from The 
Ohio State University. The Hilton has recently renovated guest rooms 
that are warm and inviting and feature all the latest technology, plus: 


т Concierge level rooms and private lounge 

т High-speed Internet access (for a nominal fee) 

ш Fitness center with large workout area 

ш Luxuriously appointed heated indoor pool and whirlpool 
т Complimentary Business Center 
= Complimentary airport shuttle from бат to 10:30pm daily 


The Hilton offers a full service restaurant and Cappuccino's Coffee Bar 
for coffee and sweet treats. In the evening, the Lobby Lounge features 
piano entertainment. Serving ice-cold beer, cocktails and great pub 
ood, the Easton Sports Club is a premier location for catching your 
favorite sporting events. Plasma TV's with stateof- the-art 
programming and billiard tables offer even more action! Easton's 
thriving corporate and retail centers make Hilton Columbus at Easton 
the perfect location. Just outside the doors of the spectacular Hilton, а 
world of excitement awaits. Easton Town Center is an uncommon 
blend: a classic vintage town center, yet a stylish entertainment 
Mecca. Wander down cobbled walkways to the oldfashioned town 
square. Discover treasures hidden away in dozens of exotic shops 
and boutiques. There are more than 100 shops, restaurants, clubs and 
entertainment sites. Its all just steps from the front door and its all 
unforgettable... visit at: www.eastontowncenter.com. The hotel is ten 
minutes from downtown Columbus and 15 minutes from Ohio State 
University. Local corporate headquarters for The Limited, JP Chase, H 
Abercrombie & Fitch are close by and Port Columbus International 

Airport is just four miles away. Complimentary shuttle service operates 
7 days a week from 6:00am to 10:30pm 


Hold the dates May 5, 6 & 7, 2010 and watch 
for more details as plans are finalized! 
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Standard Die & 
Fabricating, Inc. 
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Enter to win 


itographed Detroit Red Wings hock 


Since 1970, 

Standard Die & Fabricating, Inc. 
has provided precision stampings 
to the superabrasives industry. 
Specializing in unique deep 
drawn shapes made of 
specialty metals, our expertise 
and experience is unmatched 
in the industry. 


Innovation, quality and 
outstanding customer service 
have always been and always 

will be the cornerstone of 

our corporate philosophy. 

Our purpose is to make the 
buying of metal stampings painless. 


Partial list of materials we supply: 
Cobalt, Copper, Molybdenum, 
Nickel, Niobium, Tantalum, 
Titanium, Zirconium 


y jersey at www.standarddie.com/drawing. 


12980 Wayne Road * Livonia, MI 48150 


Phone: (734) 422-4430 • Toll-free: 1-800-838-5464 • Fax: (734) 422-2411 


www.standarddie.com/fp 


Standard Die & 
Fabricating, Inc. 


An 180-9001:2008 Certified Company 
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LANDS SUPERABRASIVES ANNOUNCES NEW BROCHURE AND 
WEBSITE LAUNCH New York, NY — LANDS Superabrasives announced that 
they have published a new full color product line brochure to meet the needs of its 
global customer base. The brochure details crystal types and application for a 
wide range of LANDS products with characteristics outlined for the various bond 
systems available. LANDS Superabrasives, the synthetic diamond division of 
Lieber & Solow was started in 1981 and today manufactures a complete line of 
powders, grits and micron powders in its own state-of-the-art facilities. By 
controlling the manufacturing process, LANDS Superabrasives is able to supply 
consistent quality products that have gained worldwide recognition. Visit the new 
LANDS Superabrasive website at: www.landssuperabrasives.com for further 
information and details. 


SCIENCE JOURNALISM AWARDS ANNOUNCED - Apollo г 
Diamond was featured in a television program about growing 
diamonds in the lab. The program won recognition earlier this APOLLO 
month in the 2009 AAAS Kavli Science Journalism Awards. 

funded in part by the National Science 
Foundation. "Diamond Factory" was produced 
by Julia Cort for WGBH's NOVA science NOW, 
and aired on public television stations in June. 
It features host Neil deGrasse Tyson showing 
how materials science offers the means to 
engineer diamonds with the strength and 
conductivity of the real thing. Along the way, 
Tyson variously adopts the persona of Indiana 
Jones and travels blindfolded to the diamond 
producers' top-secret location, where he learns that diamonds that can be 
customized in size and shape offer a valuable resource for future electronics, 
transportation and communications. 


FOUR YEAR LITIGATION RESOLVED fort 
Lauderdale, Florida – Worldwide Superabrasives, LLC, a 
leading US based manufacturer of industrial diamond and 
cubic boron nitride superabrasives, is pleased to 
announce that the four year litigation with Saint-Gobain 
Ceramics & Plastics, Inc., has been amicably resolved and the case dismissed on 
November 10, 2009. The nature of the agreement ending the litigation prevents 
further discloser of details. 


VOLLMER OF AMERICA CORPORATION ANNOUNCES THAT SABER 
DIAMOND TOOLS HAS JUST 
ACCEPTED DELIVERY OF THEIR 
SECOND VOLLMER QXD400 MACHINE - 
| This machine provides state of the art 

| finishing for PCD tools, i 


LET combining rotary 
" H i 
mr. 


erosion with six 
programmable axes allowing Saber to continue to 
provide innovation in tool design. The six-position 
tool changer allows for flexibility in types of 
electrodes and polishing wheels that can be utilized 
in unattended operation. 


Drilling Oblique Holes 
in Duplex Steel with 
PCD Tools 


I bores for the production ol oil and gas are frequently lined wil 
nain the integrity of the bore and facilitate 
in different regior he field, 
secondary bores ain bore 
and in doing so, penetrate the metal liner. Milling an ‘exit window in 
the liner me forward as for the majority of the 
both rock and metal and these two 
very different demands on the tool. In the searc 
greater efficiency, itis further desirable not only to penetrate the 
bore lining bul continue drilling for a significant distan 
ideally, realize the enti condary bore Without having to raise the 
replace the bit Ofthielmetals used for lining well 
staitiless, stedls are pethaps the most difficult to 
shop, where theré is ife accesso manual intervention to the 
are notoffous!y difficult fo cul. often requiring very n 
the. most moderate too! lives. The combination OL.agslieky, highly 
steel with ал abrasive Бине. об xit window milling, presents a 
W ind&d with artatic. drill string 
and bit dynamics, the cutting tool materials employed in thesbit ate Subject Io extreme al 
thermo-chemical and toughness demands, Ingorder to appreciate the workload! imposed on the 
bit during exi winclaymilling, it is useful to consider some Of he mechanical quantities 
‘Wiltrelerence to Figure 1, auypical liner pipe may have a diameter, D,.afr.jnc 
mm) OF ess and a wall thigkness of 1/2 ingh (12.7 mm). Thegmillingibik typically engages 
iner pipe at aslight angle) Ө, Suit that the inclination b Aheaxes of Bot isgust a few 
degrees. ingorde fo, tally penetrate the pipe, the milling bit mustiprügress a total linear distance 
eral fens of feet and ir doing.so, remove a volumerof liner of Several hundred cubic 
jist tor the majority of the operation sssimullaneously cutting tack. It is c 
the degree of misalignment between fha bit afd the lineP pipe, the lower is the 
of material (0 remove and potentially lhe lower tha wear. or" vever, the ‘angle of 
attack is limited in praétioe by the diteational-driling apparatus, Considering appropriate 
emented carbide cutting А001 lor metal-cuttina shops as a reference, a stock removal of 2 
ubic inches (0.36 Litres) would be aceepled as a reasonable tool lile when machining duplex 
eel, As such, the stack removal in exit window milli sidered large, eve 
bit comprising several tens of cullers and neglecting the d by the rock- 
ulting element of the process and the dynamic loading due to forced and natural vibration: 
ould also be noted that the cutting speed varies across the bit diameter and as si 
imum cutting speed might exist, nol all cutters can operate under such conditions 


machine, Even in a met 


is article outlines а two-part approach to optimizing well bore exit window milling processes 
| This article out t to opt I bore exit window mill 
| The earlier sections outline а novel laboratory metal-cutting method for testing the wear 


performance of different tool materials. ical model is described, 
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MAG ANNOUNCES A NEW 


ANGLE ON HMC SPINDLES Маде, rmn Б ji 
ан анта рат = 
ER - PINPOINT LASER SYSTEMS ANOUNCES THE 
ON LARGE AEROSPACE AND ENERGY PARTS /~ NEW 20 TRANSPARENT RECEIVER 
MAG adds 180,000- position A-axis tilt zii ]| the 20 Transparent Receiver can be used for aligning 
spindle to HMC Series headstock selections; production machinery and equipment. A narrow laser beam 
high-torque 2600 Nm spindle option handles provides a measuring se line that allows the Transparent Receiver to determine 
Ti cutting with ease. The high-torque, 80 kW, the position of a machine or sub-assembly relative to the laser beam. The re 


spindle is especially suited for aerospace titanium 
cutting, while the live spindles extend Wa 


operates over distances of a few inches to 100 feet and delivers measuring precision of 
less than 0,00 aking it ideal for demanding industrial alignment applications. 
mm (31.5 in), enabling deep cavity milling to high precision with shorter, more rigid Рог more information visit: www.pintaser.com 


tool 
exclusive 


ngths. Standard on the live spindle, MAG'S 
xis thermal compensation software 

pindle growth to maintain tight 
tolerances. The HMC es standard wilh linear 
scale feedback in X, Y and Z axes, providing 8 micron 
(0.0003 in) positioning accuracy and 5 micron (0.0002 
in) repeatability. Heavy-duty hardened and ground roller 
guide ways enable higher rapid traverse and acc/dec 
fates with double the load capacity and nearly 10 times 
the wear life of bal-type ways. For more information, 
please visit: www.mag-ias.com 


DMT UNVEILS 


NEW DIA-SHARP 
€ MAGNA-DISC™ 
SYSTEM 


Diamond Machining Technology (DMT). a leading 
manufacturer of diamond sharpening products, today 
unveiled ils М lem, an abrasive dise system 
compatible with Work Sharp machines’ Model's WS2000 
and WS3000, Inthe past, these machines had to utilize 
paper discs to sharpen and hone t 
utilizing DMT's Magna-Discs, sharpening on 
machines can be more precise while a 


on replacement discs. With ОМТ Magna lem, 
onn scende wo on Luoyang MEIK Diamond Co., Ltd is manufactürer of 
environment high'quality CVD diamond that is pure diamond with 
polycrystalline structure and also has excellent 
ETT transmission, high thermal conductivity and 
- HIGH PERFORMANCE especially high wear resistance. It is mainly used for: 
e MICRO MACHINING 


* dressing tools 
* cutting tools 
* wear parts 


SCHUNK is offering the TRIBOS- 
RM precision toalholder as the 

B best solution for micro machining 

with ISO interface. The one- 


idles and 


ady tool clamping that will not 
distort the folhalder. The user will always benefit oma 

cise run-out accuracy of less than 0.003 mm, which is 
with small tools for micro machining. The TRIBOS- 


tor high spindle speeds of up to 60,000 owt 


rpm in high-speed cutting, making it ideal for the high 
speeds involved in micro-machining. Sizes 180 10 D 1 -6 Maton 
mm are available. The balancing grade is G 2.5 at 25,000 па сотсп Web: 


тот Visit: www.us.schunk.com 
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experimentally measured tool force data, predicts the evolution in the torque and 

g on the bit, The model per the design of milling bits so as to provide a uniform 
n all cutters and to minimise the v. in bit torque and forces so as to 

ed drill sting vibrations 


e ted cut. In the 
ту first and last stages of the exit pro engaged for up to 
(approximately) one third of a revolution, while for the тау of the process, cutters аге FIGURE 1 — 


Illustration of the 
exit window 
milling process in 
which a bit is fed 
along an inclined 
path into the 
steel liner of the 
well bore. 


gaged in t 
degrees of rotat 


pi ual to tube wall thickness (or ab 
idered a key aspect of the process, which woul 

tinuous cutting tests, employed in metal 
tual duplex stainless steel liner pipe used in 


it 20 


Three classes of cutting tool пх 
duplex stain 
inthe 


sed for their wear performan 
ind (PCD) was 


in turning 
candidate give 
by he rock. The PCD 


offset from axis of rotation 
by 9 mm (18 mm 'peakcvalley run-out) 


only used grade of carbide for mach 
bic boron nitride maleria 
ext, high-GBN 
ееп diamond andyeemer uch 
machining of hardvand/or abrasive steels and cast 
ed in the form.of RNMNG90308 inserts (or 3/8 inch round 
ith different edge preparations. Cutting speedsifor the tests Were varied; fr es typically 
used for machinir havlaboratary (‘medium’) to 5 we (‘high’) and 
low) such values. For combinations 01 cutting too! material, edge preparation and 

io values ofeed were USed, ‘hig and tow’. All cutting tests were undertaken 
with tloodeaolingusing an emulsion of oi! and water. The Basic. methodology employed 
assess a tool material suitability far cutting duplex stainless steel was to Machine across 
face of the lube for a fixed number, pf passes; The three components of the forc: 
in each test using a Kistler platform dynamometer. Wear measurements were undert 
optical Microscope with a Micrometer measuring Stade. 


gh and medium valuesiofeutting speed, weañ was obserVed,drbal cutting 
alias sine carbide and PCBN tools generally exhibited excessive chippingdue to 

lip and the t9. While adhesion wasiles§ of an isstle forthe PCD tools, 
only adhe ou cn RARE an acceptable exo ver ЖЫШ [e degree cf 
damage тетей on the carbide and PCBN iools and е fadt that such materials would fair 
poorly in tock cülling-turther-wear testing Wes limited (o PODHoos, exploring lower cutting 
speeds, different Edge preparatións'and lead values, 
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FIGURE 2 – Eccentric, interrupted face-turning 
arrangement (as viewed along the axis of the chuck and 
tube) which imposes varying engagement times on the 
life exit window cutting tool as it is fed across the face of the tube. The 
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milling process 
оп fixed disp 
dynamics, the bit will progress through 
nominally fixed load conditions, With ге 
tool for process optimisation, fixed load simulation was 
complexity and a fixed displacement model was developed 
would permit sufficient 
del, i 
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broken red lines exemplify cutter paths at three stages 
within one pass. 
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vident that 
but the largest increase у 
the largest initial force but the smallest i due to wear. Similar levels of flank wear were 
measured on all three For үр tool, the initial cutting force is greater than the 
initial thrust force, whereas the opposite is the case for the 


FIGURE 3 — Тоо! forces for PCD RNMNO903 cutters with 
different edge geometries. The lower portion in each 
column indicates the magnitude of the force for a new 
(unworn) tool and the upper portion, the increase due to 
wear. All cutters were used for just two passes across 
the tube face. 
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FIGURE 4 - Influence of cutting speed on force 
components for PCD RNMNO903 cutters with medium 
chamfered edges. The PCD layer thickness on all 
cutters is 0.02 inch. 
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FIGURE 5 ~ Influence of feed on force components for 
PCD RNMNO903 cutters with a medium chamfer and 
with the lowest cutting speed evaluated. The feed 
values are indicated as a percentages (note the 
centre-most columns have a feed of 100%). 


Depth of cut, ap 


Un-deformed chip thickness, h, at an arbitrary 
position on the engagement length 


h =f (inch) 


FIGURE 6 - (a) The un-deformed chip geometry when 
machining with round tools. (b) An ‘orthogonal’ cutting 
arrangement in which a rectangular un-deformed chip 
geometry is realised and (c), the type of relationships 
observed in orthogonal cutting. 
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q the TABLE 1 – Constants relating specific cutting force to 
ШИЕ un-deformed chip thickness, h through a power 
hogonal function; Kc = €1.hC2 for an unworn tool and Ke = 
ША опе £5.06 for a worn tool. 
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A single cutter on a rotating bit which is fed (or translated) at a constant speed will trace a 
helical path in 3D space. The intersection of t g and translating cutter with a planar 
surface will essentially represent the un-deformed chip geometry. Where several cutters are 
present in t multipl piece engagements per revolution. The 
principle dif ing the advance of a rotating bit at a slight angle to the internal bore 
ofa w milling process illustrated in Figure 1) is related t 


prises a multitude of overlapping 
it, along with Ihe cutter post 
d gorithm develope 
п Figure 7. The bulk of the computational effort is in determining the un- 
tional angle and the bit 
eous chip geometry for 


nt machined surfac 
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work is outlines 
deformed chip geometry for all cutters on the bit as a function of r 
position on the і y. Once determined, the in 


each cutter pouring rectangular sec 
and the forces acting on each alculaled u 

in part by the data in Table 1 of the for tion of 
hip provides the resultant force on each cutter. In turn, ne orthogonal 


се vectors acting on each cutter in the bit provides the bit torque and forces. As for the 
experimental cuti ће model is based on fixed displacement rather than fixed load (or 
in field terminology, fixed weight on bit). The following Sectior? Of this paper provides examples 
of the output of the model 


In the present example, a simple, nàr-optimized; bit lesign is used wheféby A5'Butters are 
arranged on six blades зой to provide ауаз утока distribution, of, cutting edges along the 
periphenyofihe bite The incline angle, 6 (as illustrated in Figures), Was set al 20, the linear 
feed rale of the bit was set at values of 0.02 and.0.04 inch (048 and. 1.0 mm) pérrevolution (two 
differentsimulations), Takerfrom ihe simulation witha linear feed tate of 0/02 inch, Figure 8 
shows the tranienbinner Surface of the tube ater the bit as penetrated 0.04 inch (in the 
direction оха! to the tube axis) afterjust Over 100 revolutions ofthe bit. Noteathe suriace is 
unfolded for ing and.only 180 degrees of the tube isshownas the other side is un- 
he.bit. Onhe lelf of the plot, опе may observe that onlyifoUr cutters Оше bit аге 
engagigi ube atis stage of the process. Also, one пау rat for the leading (ейт 
шег, the simulation has paused at an angular positiomot 900 such that the un-deformed cross 
section iSevident (indicated by the arrow). 


Taken aQjain fromthe simulati withraifeed rate of 0.02 inch, Flgure 9 shows the evolution in 
the lorque acting onte bit fram the point of itil engagement to the point at which the bit 
penetrates the outside surface of hedube wally! this plot, the near-horizontal axis represents 
the bit angular position (ranging fram,G?-859') and the near-vertical axis, the bit pro 
mm. The plot is color edad according to the legend and din Nm (1 

lling 0.74 ILLB torque). It may be seen that a peak torque of over [И] 
n the bit is at its maximum point of immersion in the tube (ho 
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й overall load 


although the bit 
rock 


Define cutting force data, drill bit geometry, 
cutter incline, Ө, tube ID and required 
resolution. Specify intermediate output files. 


ea aa 


For instantaneous bit position, defined by 
dimensions L and 6, determine centre - point 
for each cutter in three-dimensional space. 


Macer vesper 


Determine the periphery of each cutter 
relative to the instantaneous inner (and 
transient) surface of the tube. 


Rom NR 


Determine which cutter if any аге 
engaged in the workpiece. 


For engaged cutters, determine instantaneous 
chip cross-sectional area 


Update/refresh transient surface 


Determine cutting and push-off forces acting 
оп each cutter and integrate over all 
cutters in the bit. 


Increment the bit angular position and 
proportional advance along the inclined path. 


Output date: evolution in forces and sliding 
distance for each cutter and the entire bit. 
Surface of drilled tube at different stages in 
the cycle, etc. 


FIGURE 7 – Algorithm for modelling of the exit window 
milling process. 


FIGURE 8 — The transient inner 
surface of the tube after the 
bit has penetrated to a depth 
of 0.04 inch. The surface plot 
is color coded (note legend, 
where the units are in mm and 
the values negative). The feed 
rate for this simulation was 
0.02 inch/revolution. 
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FIGURE 9 — Torque evolution 
on bit during the penetration 
of duplex stainless steel liner 
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BENE indicated by the legend and 
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FIGURE 10 — The evolution in average axial force, 
labelled as ‘WOB’, and torque during each revolution 
as a function of linear feed distance. Penetration of 
ritical of which is the the tube wall occurs just after 250 mm (8 inch) linear 
axial force"; ie., the force ШЕСТА 

acting to push the bit back 
up the tube bore (which is a comparable quantity to the weight orrbit, WOB 
imulation as described above (with a feed rate of 0.02 inth/tevollllon or 0.5 mm/revolu 
was also run with a feed rat 4 inch/revolution (or 1,0mmyrevolution). From the two. 
simulations, the average torque and axial forge or WWOB\vallies for each revolution of the bit 
were determined and these are shown in Figure 10 


The single-most important feature ofthe resulls if Figure 10 is the fact the lowerlinear feed 
e results in torques and foroes thataré 70 803.0! those generated willy double the feed 
rate. Not only.does the, higher feed rate résult in Lubelpenetration jg fall (ен те де cutters 
experience legs war. Were dala generated afler a linear displacement af aboultG inch (500 
mm), the WOB or axial force for botf feed гав ош,о пег identical, Interestingly, one may 
note that there js  Qrealer difference in the torque for the (Wo Sets Of simblation conditions 
The torque requirement is principally determinedyby the forces acting parallel to the cutting 
velocity vectors whereas the resullantatal fee on bit values are principally deteqmin 
the forces acting in the р!апв4 thie culter rake face — forces whidh happen до Demore 
sensitive 1о loo Wear. Tlereforein machining duplex stainless,stee! with PCD, culler wear has 
а greatersifluengé оп the axial force than it does on the,bittorque, It is worth nol hat 
the prindiple phenomenon governing the shape of the curves in Figure 10 is Ihe size effect. | 
the real-life process where a fired weight onsbitls applied, tte siluation is more comple 
the penetration rataði the bitthfoughyth@tube wall is likely fo be initially quite high but rapi 
reducing а8 the chip laathand (а сїйє wedr ats inetease in size. In addition, impact loadi 
of cutters due to drill sting, vibrations and ЗЇ introduce the possibility of catastrophic 
failure of cutters. Nonetheless, it s believed! thatthe ability to simulate exit window milling 
processes using accurate forte models provides insight into the interrelations which exist 
between bit design, process kinematics and cutter wear — the remaining challenge is to 
incorporate real life process dynamics, ha is likely to increase model comple 
an order of magnitude.that the most efficient way in which p 
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DIAMOND 


IBON ;: Polycyrstalline Cubic Boron Nitride 
(PCBN) with fine grained and randomly oriented 
texture developed by ILJIN Diamond's latest 
technology. The new IBON products are 
specially designed for machining ferrous 
materials — cast irons, hardened steels, 
powdered metals and heat-resistant 
superalloys. Available grades: SB100, SB95, 
SB90, SB80, SB70, SB60, and SB50. 

Disc Size 57MM Diameter 


FACTORY 


IPOL stands for ILJIN Polycrystalline 
Diamond (PCD). IPOL-PCD is characterized by 
superior hardness, excellent wear resistance, 
highest thermal conductivity and uniform wear 
in all directions. It's designed for machining 
non-ferrous metals, alloys, tungsten 
carbides, plastics, wood, ceramics and wear 
parts. Available grades: CC, CM, CF, CMW, 
CXL, CXL 11, CUF and CXUF-sub micron. 
Disc Sizes 60MM & 75MM Diameter 


CVD is Chemical Vapor Deposition Diamond 


“IT’S PURE DIAMOND" 

* Harder, more wear-resistant 

* High thermal conductivity 

* Better chemical and thermal stability 
* Lower coefficient of friction 


Available in various shapes and sizes for many 
applications. 


N 614-2 Oryu-ri, Daeso-myun, Eumsung-gun, Chungcheungbuk-do, Korea 


DIAMOND http//www.iljindiamond.com. 


AUTHORIZED DISTRIBUTOR 
AMERICAN SUPERABRASIVES CORP. 


59 AVENUE AT THE COMMONS, 2nd FLOOR, SHREWSBURY, NJ 07702 * TEL. 732-389-8066 * FAX 732-389-8069 


www.diamonds-abrasive.com • Email — njabrasive@aol.com 


NEW PCD TOOLS DEVELOPED Т0 RESPOND 
TO MARKET DEMAND 


Polycrystalline diamond (PCD) tools have been used world- 
widely in the machining of non-ferrous materials such as 
aluminum alloy or copper alloy. 
To respond to a market demand 
for higher wear resistance and төй а) 005 05 | 05 | 5 | 50 
higher strength PCD tools that can 2 
increase productivity and improve | mm | 260 | 245 | 215 | 1.96 | 10 
the machining accuracy of hard to. Bi Y йөр Tl 

cut work materials, new PCD tools 
were developed. The diamond 
content of this PCD is very high 
with fine grain size diamond, so it 
gives a longer tool life with higher 
machining efficiency and better 
machining accuracy in the 
applications in which 
conventional PCD tools wear 
rapidly or have edge chipping 
Diamond has superior 
characteristics, such as being the 
hardest material, and possessing 
the highest Young's modulus and 
high thermal conductivity. PCD 
tools manufactured by sintering 
diamond powder with Co binder 
metal are widely used їп various 
industries for cutting tools of 
nonferrous metals and nonmetals. 
In 1998, high strength PCD tools, 
which have high diamond content 
and fine grain size diamond, were 
developed to increase machining 
efficiency, especially in the 
roughing of non-ferrous metals. 


Hi h Wear Recently, to improve the 
performance of manufactured 
А products, such as automobiles, 
Resistance мо materials have had а 
tendency to be harder to cut. 
z There has also been a demand for 
an 1g. better accuracy and closer 
tolerances of the final parts 
St th P D Further more, to increase the 
reng E ae 
manufacturing cost, cutting speeds 
Tools to are increasing, As a result of these 
trends in machining, there is a 
growing need for PCD tools with 
Increase Кш башла Айг 
strength. То respond to such 
needs, a new PCD tool was 


Productivity Е 
and Improve 20% m | 
Machining к олаш 


tools are shown їп Table 1. PCD-A wont 
А ccurac is the new PCD tool and the | co" NT 

others are conventional PCD WERE — 

tools. Fig. 2 shows the relationship H LN | TPGNI60304 
between the grain size and 2 comis 
transverse rupture strength of в њан ус 800 тїтїп, 


Super Hard Materials Development PCD. Generally finer grain size &-05 mm 
Donne PCD shows higher transverse Wer 


Tomohiro Fukaya rupture strength, Coarse grain size 
PCD-E shows the lowest transverse MZAZI 
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Figure 3: Microstructure of PCD (after acid treatment) 
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rupture strength and that of PCD-C with fine grain size diamond is 2.15 GPa. PCD-B developed in 1998 shows higher 
transverse rupture strength, 2.45 GPa, than PCD-C in spite of the same grain size as PCD-C. It is because the diamond 
content of PCD-B is higher than that of PCDC. The new PCD tool, PCD-A, shows the highest transverse rupture strength, 
2.60 GPa, among all of the PCD tools. This remarkable strength was achieved by increasing the diamond content with finer 
grain size diamond than that of PCD-B, To compare the diamond content of PCD-A and PCDB, the microstructures were 
observed after acid treatment. The results are shown in Fig. 3. The Co binder phase was leached out by acid treatment, and it 
was clear that the diamond content of PCD-A is higher than that of PCD-B. 


CUTTING PERFORMANCE EVALUATION 


The diamond content of PCD-A is very high with fine grain size diamond, so better wear resistance and less chipping was 
expected. To evaluate the wear resistance of PCD-A, a cutting test was carried out with hard to cut aluminum alloy. Work 
material was high silicon aluminum alloy (17% - Si) and cutting speed was 800 m/min. The test results are shown in Fig. 4. 
PCD- A shows the better wear resistance than not only PCD-B but also PCD-E, 50pm coarse grain size PCD. V-T curve in the 
turning of 17 96 Si-Al alloy is shown in Fig. 5. PCD-A shows longer tool life than 
that of PCD-E in the cutting speed 200 to 300 m/min. Before the development of 
PCD-A, coarse grain size PCD-E was recommended to high Si-Al alloy machining, 
because it showed the best wear resistance. The strength of coarse grain size PCD-E 
was low and the cutting edge easily chipped, so there were some difficulties in the 
machining of high Si-Al alloy. It is expected that the excellent wear resistance better 
than coarse grain size PCD and higher strength better than conventional fine grain 
size PCD of PCD-A will solve such difficulties. 


PCD-A also shows excellent performance in the machining of 12% Si-Al alloy. 
Cutting test results is shown in Fig. 6, PCD-A shows the best wear resistance among 
the PCD tools. PCD-A has high strength, so it shows long and stable tool life in the 
milling applications. 


Fig. 7 shows the test results of milling of 12% Si-Al alloy. In this test the flank wear 
width of conventional PCD-B was increased due to the micro chipping of the 
cutting edge after cutting volume 2,600 cm3, The cutting edge strength of PCD-A is 
better than that of PCD-B, so micro chipping did not occur in the cutting edge of 
PCD-A and the wear resistance of PCD-A was better than that of PCD-B. 
Pune PCD-A is suitable for the high precision machining of nonferrous 
metals. 


Comparison of machined surfaces of PCD-A and PCD-D are shown in Fig. 8 and 
the SEM images of the end cutting edge of these inserts are shown in Fig. 9. The 
surface roughness of PCD-A was 3.6 jim and it was better than that of PCD-D, 
5,8pm. The feed mark of PCDA was smooth but that of PCD-D had some 
irregularities. It is because that the cutting M of fine grain size PCD-A was 
smooth but that of PCD-D was not smooth due to the 5m diamond particle size. 
Nowadays, the required surface finish of work parts is getting much better, and | V 
PCD-A shows excellent surface finish in such high precision applications. ————— 
wonk MATERIAL: 17% Si-Al Alloy 
sent: TPGW160308 
APPLICATION EXAMPLES | CONDITIONS: Мс = 1,000 m/min, 
PCD-A has shown excellent performance in many applications. Fig. 10 shows the ap = 0.2 mm, 
application example of boring of bushing made of copper alloy that is hard to cut. 12 0.15 mmirev, WET 
Criterion was surface roughness of Rz 3.2 pm. In this application, the tool life of 
conventional PCD-B was only 800 pieces due to the severe chipping at the cutting 
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тет: TPGN160304 sent. TPGN160304 insert: NF-SNEW1204ADFR 
|coNDITIONS: VC = 200-800 m/min, ар = 0.5 mm, CONDITIONS: VC = 2,000 m/min, cuter: RF4100R (6-flute) 
12 mm/rev, WET ар= 30 mm, |coNbimoNs: Ус = 2,000 m/min, ар = 3.0 mm, 
CRITERION: Vb = 0.1 mm. {= 0.15 mm/rev, WET f= 0.15 mm/rev, WET 
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December 14, 2009 Contact: Daniel В. Pickard 202 719.7285 dpickard@wileyrein.com Washington, DC — Today, counsel for 


U.S. producers of diamond sawbla 
are marketing their products as fre 


Y for cust 


ping d 
U.S. diamond sawblades industry. “The US. ind 


des announced tha hey have identified certain Chinese producers of diamond sawblades that 
J antidumping duties (or eligible for reduced duties) through a vari 

ms fraud violations. Diamond sawblades, diamond segments, and diamond 
lly subject to antidumping duties 
of up to 26 percent. “We ае aware 
Шу oder said Daniel B. Pickard, a parine 


ty of fraudulent schemes 


Sawblades, cores and 
ina are attempting to illegally 

de Practice and counsel 
and ihat 


up to 164 percent. Korea 


fraudulent importa ed to the ful importers should be а pots 
misrepresenting Pe applicable duly rds, or even encouraging importer to daud е government roman peered to e 
US. Bureau of Customs and Border Protection strongly indicates ће! Chinese producers of diamond savblades are engaged in a 


variety of schemes aimed at misleading importers and other pur 
to convince Importers to commit cust 

rather than exporters, who must pay all dui 
on the рап at foreign producers and export 


One prevalent scheme includes misinformin 
far lower than it act 


in 


id in order to avoid 
ncluding any fines and penalties that arise from antidumping duly circumvention 


sers as о the magnitude of the duties involve, or attempting 
m. Under Customs’ enforcement procedures, iis importers 


otential importers that the Chinese producer or exporters antidumping duly rate is 
у is, potentially subjecting the importer to large and unforeseen duty lailles. In ol 


er instances, Chinese 


producers and exporters are encouraging importers to commit bath classification and valuation fraud by importing the 


merchandise under inappropriate tarif provisions, or altering invoices and Custom 
dise is actually being sold. Such fraud subjects importe 

ivil penalties of up to wice he value of the los 

and Korea to be aware ol these schemes, and nat to simply take а suppliers word that duties don 

Circumvention is illegal and can expose purchasers to significant civi and criminal penalti 

ху Sold at dumped prices and treten material 

sure that the antidumping orders are fully enforced,” said Pickard. 


price at which the merchar 
and jail time, an 


determined that Chinese and Korean diamond sawblades 
producers. We are going 1 appropriate stops to mak 


tation to reflecta price lower han the 
to potential criminal penalties, including fines 
es, "We urge purchasers dealing with producers in China 
pa) or can easily be awi 
S. Government has 
jury to the US. 


i. The 


edge and PCD-A showed 3 times longer tool life than PCDB. PCD-A will solve the difficulties of high 
precision machining of hard to cut copper alloy. An oil pump cover of 12% Si-Al alloy turning application is 
shown in Fig. 11. Cutting speed was 1400 m/min and the criterion of this application was no burr generation 
in the work piece. The tool life of PCD-B was 1500 pieces due to the chipping of the cutting edge and the 
generation of burr, The tool life of PCD-A was 4000 pieces and 2.7 times longer than that of PCD-B. PCD-A 
showed excellent wear resistance and strength of cutting edge and suppressed the generation of burr, Fig. 12 
shows the 12% Si-Al alloy cylinder block milling application example. The tool failure was the breakage of the 
cutting edge due to the stress by interruption and the criterion was also the generation of burr in the work 
piece. The tool life of PCD-A was 70% longer than that of PCD-B. It was due to the high wear resistance and 
high strength of PCD-A. These application examples indicate that the machining efficiency and tool life can 
be improved by PCD-A in high speed turning and milling of aluminum alloy parts. High wear resistance and 
high strength of PCD-A shows excellent performance in high precision machining of non-ferrous hard to cut 
work materials, PCD-A will contribute to cost reduction and improved productivity. W 
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Figure 10: High Precision Boring of Copper Alloy Bush Wl, Figure 11: Turning of 12% Si-Al Alloy Oi! Pump Cover. WI Figure 12: Milling of Cylinder Block of 15% Si-Al Aloy 
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Effect of Microstructure on the 
Mechanical & Thermal Properties 
of Diamond/SiC Composite 


Heo-Sub Park, Sang-Yong Lee and Min-Ho Ryoo 
ILJIN Diamond Co, Ltd, 


‘Soan-Hyung Hong — Department of Materials 


Diamond/SiC composites 
are appropriate candidale — POLYCRYSTALLINE DIAMOND 
Conduction as well as high АМО COMPOSITION CONSIDERATIONS 


temperature abrasive Diamond is the hardest material known, has high tensile & compressive strength and high 
materials because they do wear resistance, Diamond composites with diamond-to-diamiond bonds were first sintered 
not form liquid phase at using pressures of 6.5 GPa and temperatures of up 1012400, for the sintering process. Liquid 
high temperature. Such a phase sintering techniques at several high pressure andihigh temperature (HPHT) have been 
composite material developed to produce microcrystalline diamond eórüpasites, In most of these techniques, 
cansiste of diamond microcrystalline diamond powder is infiltrateg'at high pressure by a liquid sintering agent 


(cobalt, nickel, iron, and their alloys) oripanding agent like silicon. Polycrystalline diamond 


particles embedded in a (PCD) materials are established matérials in cuttingyand drill applications: While being very 
SiC binding matrix. SiC is hard and extremely. ant, poor thermal stabilily ofthe diamonds: 5 
known as а very hard their аесотроѕібой Сора іх frequently used as solvent/catatyst during manufacturing, but 
material with strong the cobalt also léads to chemical instability of IexPCD.materiál at temperatures exceeding 
covalent bonds having about 700°C. Even a trage of metal catalyst gromoles craphitizalion of diamond crystals and 
similar structar and thus limits practical appileation of PCD. As high temperatures are likely to develop in most 
A machining processes, Oné of approachesito improve the poor thermal stability is to remove 
етта рагах the metal binder phase after synthesis &q. by leaching the producl.in НО! acids. The resulting 

mond. се material will exhibit a porous struélüre and therefore, whilst belgmfelalively thermally stable, 
formation plays an however, prone to jtefnal axidations For another approachyit IS possible fo avoid this problem 
important role in by replacing cobalt with other binders sUch as siliconsDring the Sintering process silicon 
diamond/SiC composites. reacts with diam@nd.to form siligoh @arbide and this Carbide acts às а bonding agent. The 
Diamond/SiC composite sintering mechanism of ¢onventional diamondl@nd diamond/SiO composite can be different. In 
were fabricated by HPHT case of PCD, upon heating Lndemptessut® coball melts and infiltrates voids between the 
sintering with different diamond particles, Which maintains hydrostatic conditions and prevents graphitization during 
ЖЕН Content and the sintering process. Dissolution and precipitatiomare the main driving mechanism and the 

7 = strength of PCD mainly depands, on. 
diamond particle size, and ne rect bonds sirengih Peten 
also the effects of diar produced by the rs GPa | 100 26 
Donna of diamond crystallites growing together around Toy GP Tm 025 
and silicon on contact area, Whereas, in Tensile Strengt TET ў 
‘microstructure, diamond/SiC composite, reactive СЕРЕ GPa | >110 | 39 
mechanical properties and sintering plays а major role in driving SIS ртк TART 
thermal properties of densification process and reaction amic Friction Coefficient I T 

0 bonding strength between diamond п 
diamond/SiL composite and SiC is important. SiC is perfect [Lam gem | 352 | 321 
wg DD He m candidate to be used as binder Young's Modulus GPa | 1220 | 410 
critical factors influencing between diamonds because its Poisson's Ratio 02 4 
the dynamics of reaction crystallographic structure is very 3 = o H 
between diamond and similar to that of diamond, and has ThermalEmpamsionCaeffidentirouneno)| К" | T.1x10* | 277x10 
silicon, such as eres ent TE DICA ргорепи s. Ве Thermal Conductivity t room tmp) Wem | 20.0 36 
rraphitization and does not promote graphitization, has = 
Деле COMMO Ar жета very low thermal expansion Electric Resistivity rom S 019-016. 102406 
thoroughly characterized. Coefficient and very high melting ible 1: The Principal Properties of Diamond and 
101 5 point. In that study, novel bulk 
Key factor for good diamond/SiC composite were fabricated with diamond and silicon mixture by HPHT sintering 
mechanical and thermal and also the effects of composition of diamond and silicon on microstructure, mechanical 
properties in properties and thermal properties of diamond/SiC composite were investigated. Main factors 
diamond/SiC composites influencing the dynamics of reaction between diamond and silicon, such as graphitization 
is to keep strong bondit process and phase composition, were thoroughly characterized. Silicon was used as the 
bonding agent because of several advantages. Melting point of silicon decreases as pressure 

between diamond and SiC 
рай ООО Mie САТА ОТ. increases, which provides a lower processing temperature that can minimize diamond 
АННА andi " graphitization, The structural similarity between the reaction product SiC and diamond builds a 

amond and uniformity o! Strong bond and the high melting point of SiC (>2200 °С) makes the obtained composites 
microstructure. Suitable for high-temperature applications. For comparison purposes, the main properties of 
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FIGURE 4: Phase analysis results by ХЕП and Raman spectra. a) Raman spectra of 
 diamond/SiC. 


H 


Drona content vi Diamond Content (vi 
‘FIGURE 5: Quantitative relationship between Diamond, SIC and Si from image 
analysis and XRD relative intensity a) SiC content as a function of diamond content 

b) Remained Si content as a function of diamond content 


diamond content. a) DSIC90, b) 051670, c) DSIC60 


silicon carbide are listed together with those of 
diamond in Table 1 and Fig. 1. In the last years several 
studies on the sintering process and mechanical 
properties of diamond/SiC composites have been 
reported, However there is little information on the 
relationship between the mechanical properties, the 
microstructure, and the corresponding fracture 
mechanisms in diamond/SiC composites. 


EXPERIMENTAL PROCEDURES 


Material and fabrication 


Starting materials used in this study were synthetic 
diamond powder (average grain size 1.5, 5 and 29 um 
grade) and Si powder (average grain size 3.5 um). The 
Si powders ranging 10 to 50 wt% were mixed into 
diamond powders. The starting powders were mixed 
with ethanol for 24 h in ball mill. Mixing was carried out 
with care to avoid contamination from jar and ball and 
to obtain a uniform mixture of diamond and silicon 
powders. The samples were denoted as DSIC90 for 90 
wt % diamond and 10 wt% Si mixtures, DSIC91 for 
901% diamond (bi-modal particle size 29 um +5 um) 
and 10 wt% Si mixtures. The dried powders were 
sieved and heat-treated at 8000C in hydrogen 
atmosphere. A flat belt-type high-pressure apparatus to 
synthesize industrial diamond was used for high 
pressure sintering, The samples were loaded to 6 GPa 
at room temperature, then heated to the designed 
temperature at 15000C and kept for tyhour in diamond 


stable condition. The sintered co were ground 
with a diamond grinding whet pieces were 
cut by pulse laser from la jén discs 
Characterizatig 
Thermakcharaét | е 
was 
(05 ОР 100C/min. 
апа layer 
Micro: osites wa 
). 
- 
(LabRAM 


ty were measured by a 
e ed on the Archimedes 
principle. An image Analyzing program, Matrox 
Inspector 2.1, analyzed composition of the composites. 
Preparation of the specimens for TEM observation were 
carried out by FIB (FEI Nova 200) containing both a 
focused Ga+ ion beam and а high resolution field 
emission scanning electron column to image the 
surface of this sample and identify the location of the 
diamond-SiC interfaces. TEM analysis by imaging and 
electron diffraction from different regions in the 
Specimen was performed using FEI Tecnal7M F2 F30 
TEM operated at 300 kV. Mitutoyo Hardness testing 
system measured the Knoop indentation hardness on 
the polished surface of the samples with 9.8N load. 
SEM analyzed the microstructure of the fractured 
surface, after breaking the specimens. There point 
bending tests and compressive strength tests were 
performed with a 0.5mm/min crosshead speed. Flexural 
strength of the composites was measured from five 


Workpiece: 
DURALCANF3S.20S | 9 5. 
(aL20%SiCp) 


inii \=500ттп @=05тт 
Б 25 mm/rev Coolant: Dry 
Insert: RNGN1204 


Table 1: Workpiece and Machining Parameter 
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FIGURE 9: Knoop hardness of diamond/SiC composites with different 
а) diamond content and b) diamond particle size 
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imens of diamond/SiC composites at ambient 
temperature using a universal testing machin 
Instron&583. Compressive strength of the 
was measured from five specimens’ diamond/SiC 
composites at ambient temperature and heat-treated 
five specimens of diamand/SIC composites at 800°C 
100°C and 1200°CeThe fracture surlaces of the"broken 
specimens were examined by scanning electron 
microscopy 


nposites 


Cuttingdlest 

The wea tests аге perférmed оп aDUSAN CNC 
Machine. The cutting parameter and workpiécestor this 
study ischowh iri Fig, Э and Table 2eThe machining 
investigations were.carrled outywsing Duralcan F3S.20S 
AISIC metakmatrx composite, Tire. SIC;particles had an 
average diameter(of 12-15 um. 1 test material was in 
the form of bars, of 180/mm diameter and 300 mm 
length. Before testing 5.mm.of diameter were removed 
from the workglece to avoid the influence of the harder 
surface layer. Duralcan is a mixture of ceramic (SiC) 
powder with aluminum. It is well known for its excellent 
mechanical and physical characteristics such as tensile 


DSIC90 04665836 1413045311 1.022123] 3. 

DSIC80 [72592725 |23.89+7.26| 352:342| 340 | 98.12 
DSIC70 [51.134426 3955:415| 9322467] 3.29 | 98.13 
DSIC60 6364396 99491362 15214636| 3.22 | 99.85 
051650 [405234481 42.152594 | 18.6225 48] 
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properties, hardness, elastic modulus and exceptional 
Corrosion resistance in natural and salt atmosphere. 

+ Due to its excellent wear behavior, damping factor and 
ry lightness Duralcan is in many applications a perfect 
replacement for pieces actually cast in steel and grey 
iron. Typical applications range from bicycle frames, 

- automotive tire studs to train brake discs and 
automotive drive shafts, brake drums and discs, back 
= plates for friction materials and gear box components. 


Direna eo RESULTS AND DISCUSSION 
Microstructure Characterization 


Differential scanning calorimetry (DSC) In order to study 
the reaction behavior between diamond and silicon 
powder used in this work, diamond and silicon mixtures 
were heated in a thermal analyzer. Fig. 3. shows DSC 
curves of diamond and Si powder mixture up to 
14500C in Ar atmosphere. Si metal melting point is 
14140C. About 14300С, chemical reaction between 
carbon from diamond and liquid Si forms a new SiC. As 
the pressure and temperature increase, Si is melted at 
lower melting point and SiC phases are nucleated on 
diamond crystal, near the surface defect. The reaction 
during sintering can be expressed as follows: Ca««««(s) 
+ Sill) = B-SIC: 


Phase Analysis by XRD and Raman Spectra 


Fig. 4. a) Is the result of Raman вресца of diamond/SiC 
composite. Peaks due to diamond, B-SiC phases and 
silicon phases are observed. But tHe graphite doublet 
peak is not observed suctLasidlisordered D band 
4310cm-1, graphic G band 190.cm4, XRD Pattern of 
diamond/SiC composite is shawn)in Fig. 4. b) The. 
existence of diamond, p/SIO phasessandsiliconiphases 
weredfound in alli patterns but trace of draphitexand p- 
SiC Was not found: This indicates that the formation of 
B-SiC ha taken place and that residual Si stil exists. 
= As the-di&mond content indreasedy peak intensity, of 
Teer SiC and Si relatively decreased and relative intensity of 
TES. diamond lnoréased 


‘Bending Strength (uP: 
‘Bending Strength 


Density 
| Бепзйу,гезїї\з„а@\цй#йїїа!ме! analysis of Diamond, 
SiC and Si framimage*analysis are summarized in 
Table 3. The theorelical.density is calculated by 
assuming thatthe whole of silicon in the starting 
ae ше a 2 ЖЫ a RUE material completely reacts to diamond. Fig. 5. shows 
Temperature Üc) Temperaturo (c) quantitative analysis of Diamond, SiC and Si from 
FIGURE 12: Compressive strength of diamond/SIC composites with different image analysis and XRD relative intensity, As the 
а) diamond content and b) diamond particle size after heat-treated at 8000C, diamond content increased, relative intensity of SiC and 
1000 and 120006 in air Si decreased. This is similar to image analysis of 
microstructure. Relative densities of the samples were 
increased with decrease of diamond content. 
Diamond/SiC composite by НРНТ in pressure 
apparatus synthesizing diamond showed almost full 
density. 


Fig. 6. ~ Fig. 8. Show SEM micrographs of diamond/SiC 
composite with different diamond content and diamond 
particles size. This microstructure shows uniform 
distribution of diamond particles in SiC matrix, Dark 
grey particles are diamond, grey matrix phase are SIC 
and the white phase is unreacted Si without graphite or 
any other additional phases, Various diamond/SiC 
composites were prepared to investigate diamond 
content, diamond particle size and bi-modal effect. 


‘Compressive Strength 
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Knoop Hardness 


The results of Knoop indentation hardness of the 
polished surface of the diamond/SiC composites are 
illustrated in Fig. 9. The range of the hardness was 
between 26 and 46 GPa. As the diamond content and 
diamond size increased, Knoop hardness of 
diamond/SiC composite increased. The hardness of bi- 
modal composite was lower than that of singlemodal 


FIGURE 13: SEM images of typical microstructure 
after heat treatment in air atmosphere. 
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composite. Ideal hardness of diamond and SiC were 
reported to be 70 GPa and 25 GPa, respectively. From 
these data and simple rule of mixtures, the ideal 
hardness of DSIC90 was estimated to be about 55 
GPa. The maximum hardness of DSIC90 is about 84% 
of the estimated value, The degradation of hardness of 
DSIC9O sample may be attributed to the relatively weak 
intergranular bonding strength: 


Bending Strength 


Fig. 10. shows bending strength as a function of 
diamond content and diamond size for diamond/SiC 
composite. 70wt% diamond/SIC composite exhibited a 
higher bending strength. And at same diamond 

content, bimodal composite had a higher bending 
strength about 35% The higher bending strength values 
70wt% diamond/SiC composite is most likely because 
of lesser amount of Si and porosity in it. Also, at 80wt% 
diamond content, diamond/SiC composite fabricated 
by 5. m diamond particles showed the highest bending 
strength about 800 MPa. As shown on Fig. 11. of 
fractography of diamond/SiC composite, fracture 
surfaces of C/SIC composite revealed that a cleavage 
type fracture indicating brittle fracture behavior. 
Fracture surfaces indicate that the crack propagated 
without any interaction with the microstructure. 

Diamond pullout and cracking is observed in interface 
between diamond and SiC. This indicates that the. 
crilical factor in ensuring good mechanical properties in 
diamond/SIC composites is to keep. strong bonding 
between diamond and SiC. 


Compressive Strength 


Fig. 12. shows befiding strength as а fundlloff'ot 
temperaturesfar diamond/SIC eompésile made from 
different diamond content and diarriond size. There 
was felatively little compressive strength loss at 
temperatures up to 10000Gan above 60wt% diamond 
composites. The dedtadation of ¢ompressive strength 
above 1Q000G, was due tothe softeningtéftie residual 
silicaand the development of cracks caused by the 
oxidation of diamond and remaliied silicon at high 
temp, DSIC80-5 compactishowed à good compressive 
strength and.ipermal'stability ip.àgreement with 
hardnéss and beridind strength result. Fig. 13. shows 
SEM image of mictostiucture of the oxidized 
composites after heat treatment in air atmosphere. The 
degradation of microstructure of diamond/SIC 
composite was increased with increase of oxidation 
temperature. The void in the surface from oxidation of 
diamond and silicon act as stress concentrators for 
crack initiation and growth during compressive 
strength test. 


Fig. 13. a) shows wear behavior of diamond/Sic 
composite after machining the same amount of 
workpiece Duralcan. As the diamond content in 
composite increased, flank wear resistance increased 
At ine same diamond content, bimodal composite 
had higher wear resistance. Fig. 13. Б) is wear 
behavior of diamond/SiC composite with different 
diamond particle size after machining the same 
amount of workpiece. Fine size diamond/SiC 
composite showed sharp edge shape and uniform 
wear properties after machining. DSIC80-5 had 
optimum wear properties because of diamond-SIC 
bondin: 'ength in agreement with previous 
mechanical properties results. SEM images of typical 
tool wear of diamond/SIC composite with different 
diamond size are shown in Fig. 14, At coarse 
diamond/SiC composite, small breakouts were 
detected in large magnifications, Strong adhesive 
effects can be observed when turning the aluminum 
MMC. The abrasive particles of the MMC material 
cause a significant lank- and crater wear on diamond 
layer 
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FIGURE 13: Wear behavior of diamond/SiC composites with different 
a) diamond content and b) diamond particle size. 


FIGURE 15: TEM image of diamond-SIC interface in 
diamond/SiC composite fabricated by HPHT process. 
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Figure 16: HRTEM image of diamond-SiC interface In diamond/SiC Complex inte 
composite fabricated by HPHT process. between diamond ar 


CONCLUSIONS 


Diamond/SiC composites were fabricated by HPHT in pressure apparatus synthesizing diamond with different diamond content 
and diamond particle size. Diamond/SiC composites showed almost full density and graphite phase was not observed from 
diamond/SiC composite by XRD and Raman spectra. As the diamond content increased, the content of SiC phase and Si phase 
decreased. TEM observation reveled high defect density near the diamond-SiC interface. Mechanical and thermal properties of 
diamond/SiC composite strongly depended on diamond content and diamond particle size. As the diamond content and diamond 
size increased, Knoop hardness of diamond/SiC composite increased. Bending strength of DSIC80-5 diamond/SiC composite 
showed the highest bending strength (800МРа) because of lesser amount of Si and porosity in it. Diamond/SiC composite of 
bimodal particles showed higher bending strength than single-modal composite. There was relatively little compressive strength 
loss at temperatures up to 1000°C. Wear test results were in good agreement with bending strength and compressive strength 
The critical factor in ensuring good mechanical and thermal properties in diamond/SiC composites is to keep strong bonding 
between diamond and SiC formed from the carbon of diamond and uniformity of microstructure. 
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There's a wonderful world around us. Full of fascinating places. 
Interesting people. Amazing cultures. Important challenges. But sadly, 
our kids are not getting the chance to learn about their world. When 
surveys show that half of America's youth cannot locate India or Iraq 
оп а map, then we have to wonder what they do know about their 
world. That's why we created MyWonderfulWorld.org. 

It’s part of a free National Geographic-led campaign 
to give your kids the power of global knowledge. 
Go there today and help them succeed 

tomorrow. Start with our free parent and 

teacher action kits. And let your kids begin 


the adventure of a lifetime. My Wonderful World.org 
It’s a wonderful world. Explore! ; 
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ENGIS CORPORATION © 105 West Hintz Road • Wheeling, IL 60090 
Tel: 847-808-9400 © Fax: 847-808-9430 © E-mail: sales@engis.com 


Runs Deep. 


To create the most consistent, reliable diamond powder 
on the market, Engis' experience goes deeper, utilizing an 
unsurpassed understanding of diamond properties that 
extends far beyond particle size characterization. 


At Engis, we know that-at:the heart of the most complex 
and precise diamond applications, there isan elegantly 
simple equation: © 


Each micron diamond powder is бе 


qualified to possess the specific set of size, shape, 

and physical properties that are responsible for its elevated 
performance in specific applications, including PCD 
manufacturing, hard disk drive manufacturing, and the 
manufacturing of compounds, slurries and tools for general 
abrasive applications. 


That's why our customers trust Engis diamond powders to 
accelerate throughput, increase yields and attain higher 
levels of precision. 


Consistently. Repeatedly. Confidently. 


For the finest specialized diamond powder, bar none; 
contact Engis today. 


Leaders in Superabrasive 
Finishing Systems 


i Diamond Abrasives Corporation 
elementsix. is making a change. 


Diamond Abrasives Corporation, DAC, 
is changing its name to Element Six. 
DAC is one of the leading industrial diamond companies in the US with 40 years of history behind it. Now that is 


added to Element Six, which has more than 50 years of leadership in the industrial diamond business. The combined 
experience will now be of benefit to US customers in all industrial diamond markets. 


The name change recognizes the fact that DAC is now an integral part of Element Six, an international group operating 
in more than 70 countries with both technical and market leadership that can deliver real benefits to our US customers. 
Such benefits include increased links to the company's global manufacturing capabilities, application technical and 
development expertise across many industries. 


As Element Six we are the world's leading supplier of diamond 
supermaterials. We are the frontrunner in the development 

of synthetic diamond and novel related engineering materials. 
spanning for example optical, mechanical, thermal and electronic 
thermal properties for application in such diverse industries as 
aerospace, automotive, chemical and construction, defence, 
energy, medical, oil & gas, telecommunications and technologies. 


With a turnover of US$ 500m in 2008 and almost 3,000. 
employees, Element Six has global production and processing 
plants supported by sales and distribution networks. 

You can now buy our products online. Visit www.e6.com 


Element Six 

35 West 45th Street 

7th Floor 

New York, NY 10036 

Email: usadvancedmaterials@e6.com 


Element Six – leading the way in industrial diamond 


